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The Molecular Mechanism of AP Acinar Cell Injury
Based on Gene Knockout Technique
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Abstract AP (acute pancreatitis) is a clinically multiple critical digestive system disease. Pancreatic acinar
cell injury is one of the important pathological mechanisms of the occurrence and development of acute pancreatitis.
Ca’" overload, oxidative stress, autophagy damage, endoplasmic reticulum stress and other pathways are considered to
be the key pathways of pancreatic acinar cell injury. However, the related mechanisms of specific genes, proteins and
signaling pathways in this process are not completely clear. Gene knockout technology is the most effective method
to reveal gene function and verify biological signal transduction pathway, which provides a new technical means to
further clarify the molecular mechanism of pancreatic acinar cell injury in acute pancreatitis. This paper systematically
reviewed the molecular mechanisms of acinar cell injury in AP based on gene knockout technology, in order to further
clarify the pathophysiology of acinar cell injury in acute pancreatitis, promote the development of specific clinical
drugs, improve the clinical efficacy of acute pancreatitis and improve the prognosis of patients.
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SV R 4% (acute pancreatitis, AP)AE Ifi R %2 &
I A R GBI, FRE AP & FR T R IR A &, T
HZAPHEA 4 5 RGE B LRAAE, 25 5 5l M
KRR B v I S EURF LT BRITAPSE
EREE RN R LI N34/1077, JET-HRZ191.16/10 77, H,
T AF R AP A I 2 AN W 38 0, 00 N 28 28 A f R e 4
R T R E M. A A RIS R .
250 AT g E A I S AR W R AP R A )
B DA P13 g DR] ) J -5 0B IR v 4 LN Ca®
L AR BWESZH. i (endoplasmic
reticulum, ER) SICEEHL I 0 W 52, 5075 248 i P A0 48
¥R 1 I, R A8 gk B 1l i S A A iR R
M, FF 2 M EN R EIRAE R, TR
P 9RE I S S AN RV 4 e B AN BB T2 Tl i 2
MIZET & APKAE KB FEEKR 2 —, HEkRT
FEd BAREE R B A AE 0l B R AR H B AE O
B FHEAS B 1 o

AR, FEREREARLE APRIWT L3RS 1T
ZRE. WHUCESE, 2 RFREOR 2 20120 804
AR LK 1 — i o — 1 i A AR AL A o e 1)
BRI R IE B R I 0 T AR HOR ) R B R X
IR (zinc finger nuclease, ZFN). ¥4 S H A RN K]
F 1% R I (transcription activating-like effector nucle-
ase, TALEN). KU % 45 [A] b7 ¥ 32 [m] SCH 527 41 J
HAH AL IR M (regularly clustered short interrupted
palindromic repeats and their associated nucleases,
CRISPR/Cas9)FE A R B A ) HBLAUA Jig , HLBAR
AW EG . AT R CR 5w, fEAEYE
A B FEHERN T AR AR R R H A,
B 9T O 28 41 52 ) FH 265 DR] i o 16 R e % 45 200 3 B 7
AP A FEHLE, X2 REAPIG KRR A TT K
PRt THEEFR. Ca¥lE | &k TR ERG
W FECAMEThRESZ 40 . INE BRI, 51 & M
W, RIEAR S R Geaiad 1 R 2 DR i AR B
MHCa™ M. FALSI . HMESZ. 5 R s
o BEATL A 5 AP [l v 20 i 6 T R AH 5G9, DA
I APl PRI FE AT 7 HUAS i3E — 25 T

1 Ca* BB X EERFRITAPRIZ M
R 41 L Ca2 TR A SR 5 e 4t

FET AR AP B R DA 25 . WF SRR, IR BRI 2%

AELH RN 2 1 T LA PR O D), S LS = B2

{ (inositol triphosphate receptor, IP3R)F1ryanodine’Z
& (ryanodine receptor, RyR)I&1E , BN 5 X i A7 1]
Ca™, Ca® BT Ca® il 1& H  1(Ca™ channel pro-
tein 1, ORAI) {1 Ca> 41 72 N Y, i N
Ca> FFEL M3 I T B 4H B N Ca* B %, 51 AL Zeks
PRREAS AT, 38 N2 R4 ¥ FL(mitochondrial transition
pore, MPTP)idi%E 14, F 478 3% 34 5 1 D(cyclophilin D,
CypD)BEFLAL , UKL ™ A =1 R I (adenos-
ine triphosphate, ATP)Js/C, ATPHE /i b BH Wt ATPAK
H T ILE R /P4 J5 ) Ca?* i1 (sarcoplasmic/endoplas-
mic reticulum Ca®" channels, SERCA) I ATPK i 1) 3%
JliCa® il & (serosal Ca*" channels, PMCA), liil|Ca®* )\
i A A% UL X /P9 Jo DX B A7, DA T o 4 L
Ca®' %k, IHOEE OB JE M R IR (S 58, FE
JRIEANIIRIE O BR KR (ghrelin). RIS
FH 2571 1& 3(non-selective cation channel 3, TRPC3).
KK 2% 274 5244 (cannabinoid type 2 receptor, CB2R)+
JULEE = W% 52 1 (inositol triphosphate receptor, /P3R).
CypD7& I 40 ) Ca* i A SRR L D], T 1 R
B BR AR TR 1 2 Wi 7e (K1)
1.1 ghrelin/y SHEACa* KEFH S

Ca®" tH L Ah 3k N\ 20 M 52 W s 4 M 1% Ca®* J8 18
YR, TR AR Ca? @18 X2 1a A KR
53U 2 A (growth hormone secretin receptor type
la, GHSR1a)if 7 ", ghrelin/& GHS-R ¥ A Y5 M AL
14, ghrelinii% J5 GHSR 1aff PER I, AR 76 20 o
Cavl.2. Cav2.2% Ca® HIEKIFRIEIE N, 4 A Ca™
KV-FHE, 5 APIR R ZETIFHE, ghrelin-KOJ5
BRI AN Cavl.2y Cav2. 2 Ca? 7K P31k I i %
IS, Dok e 20 P 1 R B, A1 b e e i 4 i e )
ghrelin ] J{#5 Cav1.2F1 Cav2. 2R iE A ) Ca®> /K F,
H.ghrelinyK - RJ G5 1 AP (1) 7 552
1.2 TRPC3IFIZREINCa> iR

TRPC372 HH Ca* fifi 745 il il 1 (Ca®* storage con-
trol channel, SOC)/1 T ) JEIE B4 FH 25 11 1E, 757%
Folt 1508 HEAk, DR 25 038R TRPC3 3@ 1 % v LA a4
Ca® Wi, 4 W J5 I Ca® fifs 75 1 FEI SOCIBIE AN 32 4%
PO Ca> Fr gz Py i [RIB P 5T 19 Ca™ s 38 14 HE
Y Ik AL TRPC3IE [ R0k, R ffCa™ K& it I ¥
W 1 AR T BAPH) K, TRPC3-KOW] it 2% 41 i
SOCIE %, fHiCa® N it 3 /b I PR AR g 2 1 g it 1 7%
1k, AR AP B R RN
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Fig.1 Mechanistic diagram of the effects of Ca** overload and related knockout genes on AP

1.3 CB2REHFEHFIZMCa* 55

KR SR R, KK 2128 52 f£ (canna-
binoid type 1 receptor, CB1R)F1 K ik 227 521K (can-
nabinoid type 2 receptor, CB2R), 271t Fil AP
Fyak /20 i 4 Ca* {5 5 i B SCEEE Y. i 2
0 ) 3% A ER R 4 8 59 £ B BE Bl (acetylcholine, ACh)
WA, B FHMBEANCa T, A Ca RS T, 4
ML N AE S AL SR, T Bl a5, IR AP,
HUANGZ5"IR ST 5K, fECBIR-KO/INR 1, CB2RI
ENFIGWHIH] T AChif F HICa™ Tt i, (HFECB2R-KO
/N B R HAM I E AN AE, RWIGWiIl I i #1E/E H
T CB2RYB 32 JF I e A A5 4%
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2 SRR EE PRI APRI RN
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4 %5 (reactive oxygen species, ROS)H HIFEF &, If
HARW A 20 R R IROSHEATIHERRS . —
HR SR R B A2 (ROS IS 2, T 238 HE Bt S AL
TEERAE ), SEURMRN A RS 5 b RS0k,
ROS/™ A 38 Jin, A 1% 2 B B o B0 IR RT3
TENF-«B, 517 5 5 /i Aot % 5, {3 1 40 M 55 4R 21 Bk
Bte 4 A, L ER AR 20 B I | 31 9RE BB A,
FHHEIME N R A B, 5205 B JRAR 20, S 2
i 36 s R S P 4t B R A AL R T (TNF-a TL-6
AIL-1B) A HG R MR £ 28 M I S N7, 5] e JR iR 1T
A ARIATE, 0 R AR B 3 AP R
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Fig.2 Mechanism of oxidative stress and related knockout genes on AP

correlation factor, Nrf2). it 58 A W) AR 186 5 W) it 2.2 S100A9F75 RTERE FIKFE

ARy IO R F 1a(peroxisome proliferator activat-
ing receptor y coactivator 1o, PGC-1a). S1008545 4
FHFA9(S100 calcium-binding protein A9, S10049)7&
SRR DI SCHE A, 0T 7538 7T A 2 DR il B
AR, R AR I PR R AT AP ) 52 (K12) o
2.1 N2k ENER
Nrf2 )& T 58 2 W h B M5, 2 12 i Bt S AL 77
FIEM 3T, MR A 1 (heme oxygenase
1, HO-D)JE N Nrf2#E 3L TR, £ §T AL B AL
il S EE A PO BT R I, M PR 1 Ad(lipid
protein A4, LXA4) A {2 40l th Nrf2. HO-13
ik, FHITROSH ™A, B3 AP 1) 2 v It 2 £
(acute lung injury, ALI), Nrf2-KO/)NfiH % T LXA4
XF 8 E PR 1 7K~ B AR 0 52 0 A 6F RO'S AR B 1) 4101 1)
YER, JNE AP-ALI?"., XIONG%5 P 5T thF 5
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IS E N 2R G NGB K, e (2 26 40 i
D7 A ROS I A, AR B R 2ORE AL 234543, Th
Nrf2-KO/IN R AR It RE , IXF#{% 7 LBP
X APHIORYE ] . CHENZE I 5 R B, JF S
I1A(Tanshinone 1A, TSA)ff i g 20 21 b Nrf2 1= 36
ik, FEAKROSKEIN, PRI ERLAALE 1), Nrf2-KO/NER,
L 375 i 53 i R I 177 I A B A L 4% MID A
GSHIWZKF Fh s, TS AN g Ji 20 3 47 4 4 F 4 M
Br. Zi BATiA, LXA4. LBP. TSATREZIAIT AP
HA RIS AT 259

S100A9&S 10045 [ Xk (1) 3= B i, HAf 52
AR LE, 7E JORE A G I N7 1) R J v ke 7 22
YEFHEY, XIANGEEPHE 7T & 3, S100A9 )it ik 7]
AL FTNLRPI /K 2 2 38 I gn a4 4« 98 R S,
5| AR 2 K A, ST0049-KO/N R it 4711 VNN-1/
ROSAE 5 18 % K FFANLRP3 LI, B AR 20 i )/ T~ A0
PRE R, AT k2> g A 47
2.3 PGC-laiffizshifAimE W ERNRIA

PGC- Lot — Pl s L BOE 7, e Gebi ik )k
A AT IR RT R A B AR A A S R
), PGC-1oun] 38 i 1 715 2R R A4 B S A0 2k R 1) 3Rk,
B7 b A 4047 RN R R AR Th RE RS AT, PGC-1ak 43 2
AR 20 g R 0 R AR SR AR AS TR IR SE I BB BE A
R IL, PGC-1a-KO/|N 8 1 IIE H1p65/p-STAT3E & ¥
A FNOS23 A F 3 N, 5 B 1 BE &= LA PRI,
FH T APUEAEE D 1) 2RIE, 2 2E AP/ BRUHIE A 4
AR, T B RLAR Dy g B AG. PEREZ AP IE
52, PGC-1o-KO/)N B, X2 35 14 5 1 Bk it 2 24 P IL-6.
NF-kBI) &k 7K, 958 1 8% B2 Ab-p6S I % & fr 1
H, FBUIRE R L, INE AP,

3 BREZIREXEERRITAPRIS
[ W B2 45O AP 5 A 2 R Y %8 S TR,

il 4 1) e B g 5 250 B Wk I R sz 40, ZH 2R KRR
(tissue protein hydrolase, Cat)Fll ¥ i 44 41 5¢ i &5

(lysosome associated membrane proteins, LAMPs) %
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HEGA T ReH E 220, LAMPR 5 B A 5 H
WRAR IR R, RSN BE AR R A B R D REC, T2
7K fi# i B(tissue proteolytic enzyme B, CatB)F14H
ZIER /KRB L(tissue proteolytic enzyme L, CatL)/&
T AR v B 2 IR T K A, 7T PR R, AE
e fig v A T 1) B 1 7 TR R B AR B, AR AR
HREAET, 1 RS B R B B Cat L& AR, {H1E
BRI AR, VA B R D ReRERS, — 7 1
SIS CatBMICatL (1) A 117, CatLif 1% B AR A 2 LARE
fil R AR e, 33 E WA R R, TIKAPPT; 5
— 7 THI 5| L A AH DG 1 1 (lysosome associated
membrane protein 1, LAMP-1)F1 %l 74 #H O i 25 (4
2(lysosome associated membrane protein 2, LAMP-
I BEAIS, 18 A Bk 5 B Wik R & 52 [H, =
BE W s R, B A, BRI N R E
g A B WML TPY, CatL. CatB. Atg5. Atg7.
LAMP-2. Rab7%f T 4E+F B Wi 1% Th 8% 1% B 2 A
FH, B W AH O FE R R B v 3 308 RS2 451, XFAP AR
HER)Fm(EI3).
3.1 Arg5. Awg755BWER1RRIRK
Atg5F1Atg7 2 A M B WEAH G HE R, AT A
2 RPEARIEE RS, AtgT. Atg5-Atgl24r I 5EL. E3

[ Alcohol, bile acid ‘
| pancreatic toxin

FERRARIC, A 30 AR 2 B fric 8 X 2 VS g A b 0
Tl 5 A o< B 5% B 1 (lysosome marker microtubule-
associated light chain protein, LC3), MG LC31441k
J9LC3IL, 35T 40 WA 7y B JE R A A A 5 56
] 52 407 110 2 4 24 455 FF00 50 2 440 PR I DA TR R B A &
¥, NS5 A FE. AtgSEl Atg7al i B4R ) AE
b Ik R AR IR, T3 BB R RS2 40, UM e A
MOBET A S AERY . ZHOUZE YOI 58 I, Atg7-KO/N
SLC3-IKF Wi 2 AR, BA KMz R &HEA
(STQM1/p62)HERH, H Wik #2 52 45, FEAR B Wi i v
H.Caspase-3. 8. 9, Bax3R1E /K- T+, 14 4h
HEP T FIRSE . W FEUESE, A1gS-KOT T2 H W45
IR MR R R R, BAEA 4. B i AL 5%
i 2 O T AR IR S AR SRR IR 2R B TR, R
TELZH L PN TR R T A 5 R I O ) ek A DG B A
H, B2 450 7] e 3 BUBR IR AL o
3.2 Catl, CatBH¥5BEWGEIZBIRINEE

W R 55 3 I A Rl LISV 1 T Y T AR T
T K Al DLV i R 3 0 N 254, ERF B ORI
W D) Re, {H g E e I 0 B0 R CatL N CatB
RN S HIAE F, Bl CatL ] [ fit Jif 25 1 it S iR
HE B, CarBW] AL & B L BOE . B F0E 5L,
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Fig.3 Mechanisms of autophagy impairment and related knockout genes on AP
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CatL-KO/IN B3 4 W] ik i 11 8 J5 1) B A /K ~F
b, SEE M2, AWZ)E, CatL M CatBEL
B RRE, Hdh Catl FREHE G, NP
B 17, 3% & CatL AN 5 CatBr= AR5 H/E T, S5
FERIR A P R R TR AE BB N AR R B RS TR Y
%, fil &k AP, HALANGKZ:MWIH 5t & B, CatB-KO
/N BR AR P il v 1 Y T B, R BRI v 2 B AR
JERRAH AP B . 25 F, APHIE] CatL 5 CatB
RS R W T e 52 4002 JER 2 1 i i o O
IR R4 M A5 1 ) BB R B
3.3 LAMP-2+ S BABEIATL R

LAMP-22 — i %5 Big 4 I8 2 1, 1 WOk A Ak 3t
LAMP-2 55 tARL &, T8 i H - IAE A1), K
£ B MR T fe, 75 24 5 R R v 40 B RS S 7 T iR 45 %
SRR BF9T R IR, LAMP-2-KOW] 18] [ W4 il
R AN TE 5 S W A 0 I ) B A 2 45, S
H AR )RR, 51 A Ol R 28, MAR-
ENINOVAZWIHI§IF 52, LAMP-2-KO/)N i 5| #LC3-11
FIp623G A, [ Wikl & 52 40, it R IR 4 M 5 £, e it
APyt E .
3.4 Rab78 5842 BiAEARNTE

Rab’ [ J& T RastH & IGTPL, & & H X%, 1
I R Ji 6 A1 P S (R Y I8 B R g b ke /R Y, 09
E WA AR, 78 BRI S D IR, B WRE e
FJE, W B WA A B R A, DU VA
AT A T ik A KL, R A B Wk DI R, Rab71E H Wik
()5 WD R 2 DG E B, KRR TR E R VIO N 1 A
BBl v A B YT TRIES B 7 R B, Rab7-KO/IN 3 3%
BUALC3MIp62 32k, H M IE S 7E H MR M H
Wik A 21 [ V5 B AR 1 il oD B b 2 401, HLBHLIBY 7 AR
JH3 e A A B N AR R, BTN E 1 AP E
TR,

4 AR R X E E BRI APHI S
PN BT I I IO T RE Al R R R A . R
Ca® i HN A A S 505 4 i, AER i A #5752
FIRIR, SBERDIAEERL, sl ARFTS. HiRTE
EERKEHER, ERME™ A, AiEsh K& &l
J5t )% 8 (unfolded protein reaction, UPR) LA i Bk A< #7
S RIS EE, FWWERREASPY. £
HHER S 1 5 TR B, UPRME T DA R HERER &
A8 4 i A7 3%, UPR = FPERES IR 22 (A [JULAZ (14 B

la(the enzyme la of inositol, IREla). PRKAFf ER¥
fiff (Prk-like ER kinase, PERK) R 4 5 X 1 6(ac-
tivate transcription factor 6, ATF6)]iid 7. X IREI{E
SIE B OEOEI , IRE1Y) B AR 22 2414 X-box &5 & £
1 1(X-box binding protein 1, XBP-1) mRNA#] 26/~
ZH RN T LA BT #2 (1) XBP-1 mRNA, XBP 1%
Hel e 2 19 o A TR P, 22 ERISIICCY. PERKA]
108 Tt 200 R 5 ) PR B R AN SR BB R AR
HL UG R ¥ -20(eukaryotic translation initiation factor-
20, elF20) IR IL, AT mRNAFIZ, FEKER |
8 A BRI & A B IR T S E AR &
7 11 X -7+ C/EBPIA] Y &5 [ (factor C/EBP homologous
protein, CHOP) 5 5 4 fa 0 1= B2, ATF6 4% 7 st
1(site 1, SIP)F S2PH HBGYIH , N-ify i S5 0 45 44
SRRSO e S R T8 B A A%, DA ER
5> FAEAE XBP LRI CHOPIIRIA , w38 i ERIIE A
AT & EE P M ERZEL L UPRM T GE JI BT,
ERMIZE K T30 2 SE AN AL T, UPRIE IS IRE Lo
PERK. ATF6/5 =il B 3% NF-xB & iE i 2, T3
JRTELAH M A S A H IR A, A B ELAPTRAL Y,
I % 56 [T 6(activate transcription factor 6, ATF6)+
F G EREGF A -1 8(butterfat bulb EGF factor 8, MFG-
E8). AT-1. X&454 H 1 1(X box binding protein 1,
XBPI)52 A3 A 5t 19 238 A OG5 BT, ) ik TR
BREA, AT 1] B AH G R % AP 52 (1 4) o
4.1 ATF6thiARITEBNERR

ATF6/ZERJE b ) — Fh i 5 B 5 1, MU AR
A UPRAL J& 28 14 H, 10 Hoak B A %% 5% K7 1 AE
Fo 48R3t S 0 8 A i fEERH B BB, ATF61)
W AR TS 08 RS, B4 S S ER B Y,
BARATFO1 A% 0 Dy e J2 Pk 544 9 ~F- 4, (&t ]
7S 40 B 08 T2, WANGZECIT 58 & I, ATF6IE it
p53-ATFM2 12 1 715 B v 40 B 07 1, BERSZ IR 22 ik
A5, ATF6-KO. p53-KO/IN R WAIFM2 % ik,
5 S50 R R TN GE Ul D LA K TR A 453 4 DR
ZHOUZESTIT 55 tHAIE 52, P53 CL 9 & WER S8
BORAT, R RO B VE A AT S ERM, P53
BEER SBUR A IO, 753 e 40 i 9 T {2 2E AP 1
Ji&, p53-KO/)N R R IR & By VR 0] . T4H
L9/, NI 235 AP
4.2 MFG-E8AT N

MFG-E87& — Mg le tE s B2 1, &% ARGDE: 7
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Fig.4 Mechanism of ER stress and related knockout genes on AP

HHEERMEIER, aVB3/5H & R 78 ¥UMFG-ES
AR, BEA AT T T 0 B TR R A R B
Mg (FAK), T STAT3 [ Fe 4% 14 i 14 5% & 22 -FAK IO
XFF 4EFR A M AR A R B, BRI, MFG-
ESXTER N1 5% 1) 2 J8 i S A R aVB3/5-FAK -
STAT3/Z 5 3 1% oI 22 fif AP 3U 6] Jit 60 20 i H2 153 1, %
WMFG-ES-KO/IN 55 7 6 20 Ji TR ER . B 48 im0 Jisk
JiR A5 45 R B2 N BB, RENZ§OMBAIE S, MFG-E8-KO
/BRI AR 48 X - TNF-ofIL-67K T 3458, i 26 il
PR 44K, MFG-E8VAYT JE I HER M. A AL LI,
ML AP
43 AT-IEFEREBLE

AT-1/2ERIE 2. Wi il fE AL 12 8 (1, AT-18F7ER
BB AN O BAIRAS, B FE 2 IBACEL. K%
FENR B E 2 R AE M A A RTA R A, BN %
AR 285 T 5 4 i ) T AR AR, X 4k FFERER (11 g AN
Y IEH A B D RE 2 R EHESY, COOLEY & 2Ht 5t
RIN, AT-1388 It 2 5 P9 J5 199 2 1~ 4 o 4l e i
I P Fa A, BRI 40 B P AT-1-KO/)N B VS PERK
XBPLi %, 75 FERM L, 5 BUF 22 K UPRELE, i&
FRAR N N R BN R . JOE LT LAk, S R
s o
4.4 XBPIATERRH

XBP1J2 —FUPRIA T 7, X 4ERF R i 4

M VERTH BE £ 5C ., £ % Al 5] EER M i, MM
BOEUPRIHHG INXBP IR 7K ¥ #1i% £, IRE1/XBP1i&
BB VE A UPRIE B [ 87, Pk & ER 3T & BE
AR BT R T B R 1 0 AR, AT P 2 2 B R a0
LUGEAZ51 538 % I, XBP1-KOK B S 3 UPRE: [,
S 8 R Y 4 B Y ER S, k2 ER Ty 1 4 [R5
[Pk, FEERDIAERERT . IR 40 BRI .

5 g

AR A R HUEIE 2, AT A 5e 4
W, ELIEAE SRR APV ST YRR Y . TR T
LR 0 RE S, AR X AP RHR I35 97 15 i,
BT UL U 75 B 4R A P APHI AR RV 2 AT . B
% DR R I R 10 BB, M Ca2 B AR Ak L
U2 50 PR A 7 3 25 T 488 % AP TR R LB,
P SRR I PR 25 W B 5 T BRAG HE R, R 2
R A TR AP R A WL K HTAPZIYIIT K
SOTEFC T L, TR NI AP 3 3 [ 11 44 FE WL, 4
BN FC I AL P 2 oA S 92 10 7 160 o

SEHK (References)

[1] SCHIEMER M, TREIBER M, HEEG S. Acute pancreatitis [J].
Dtsch Med Wochenschr, 2021, 146(4): 229-6.
[2] GOODMAN R R, JONG M K, DAVIES J E. Concise review:

the challenges and opportunities of employing mesenchymal



82

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

stromal cells in the treatment of acute pancreatitis [J]. Biotechnol
Adv, 2020, 42: 107338.

PEDERSEN S B, LANGSTED A, NORDESTGAARD B G.
Nonfasting mild-to-moderate hypertriglyceridemia and risk of
acute pancreatitis [J]. JAMA Intern Med, 2016, 176(12): 1834-2.
ZHENG Z, DING Y X, QU Y X, et al. A narrative review of
acute pancreatitis and its diagnosis, pathogenetic mechanism, and
management [J]. Ann Transl Med, 2021, 9(1): 69.

LI Q, QIN Z, WANG Q, et al. Applications of genome editing
technology in animal disease modeling and gene therapy [J].
Comput Struct Biotechnol J, 2019, 17: 689-8.

YOSHIMI K, MASHIMO T. Application of genome editing
technologies in rats for human disease models [J]. J Hum Genet,
2018, 63(2): 115-3.

BHATIA V, RASTELLINI C, HAN S, et al. Acinar cell-specific
knockout of the PTHrP gene decreases the proinflammatory and
profibrotic responses in pancreatitis [J]. Am J Physiol Gastroin-
test Liver Physiol, 2014, 307(5): G533-9.

LUR G, SHERWOOD M W, EBISUI E, et al. InsPs receptors
and Orai channels in pancreatic acinar cells: co-localization and
its consequences [J]. Biochem J, 2011, 436(2): 231-9.

MALETH J, HEGYI P. Ca*" toxicity and mitochondrial damage
in acute pancreatitis: translational overview [J]. Philos Trans R
Soc Lond B Biol Sci, 2016, 371(1700): 20150425.

PENG S, GERASIMENKO J V, TSUGORKA T, et al. Calcium
and adenosine triphosphate control of cellular pathology: aspara-
ginase-induced pancreatitis elicited via protease-activated recep-
tor [J]. Philos Trans R Soc Lond B Biol Sci, 2016, 371(1700):
20150423.

FANG H, HONG Z, ZHANG J, et al. Effects of ghrelin on the
intracellular calcium concentration in rat aorta vascular smooth
muscle cells [J]. Cell Physiol Biochem, 2012, 30(5): 1299-309.
HOFMANN F, FLOCKERZI V, KAHL S, et al. L-type CaV1.2
calcium channels: from in vitro findings to in vivo function [J].
Physiol Rev, 2014, 94(1): 303-6.

ZHOU J, QIN M, WANG H, et al. Cav 1.2 and Cav 2.2 expres-
sion is regulated by different endogenous ghrelin levels in pan-
creatic acinar cells during acute pancreatitis [J]. Int J Mol Med,
2018, 41(5): 2909-6.

LIOU J, KIM M L, HEO W D, et al. STIM is a Ca*" sensor es-
sential for Ca*'-store-depletion-triggered Ca*" influx [J]. Curr
Biol, 2005, 15(13): 1235-41.

KIM M S, HONG J H, LI Q, et al. Deletion of TRPC3 in mice
reduces store-operated Ca®" influx and the severity of acute pan-
creatitis [J]. Gastroenterology, 2009, 137(4): 1509-17.

BOCZEK T, ZYLINSKA L. Receptor-dependent and indepen-
dent regulation of voltage-gated Ca*" channels and Ca*" perme-
able channels by endocannabinoids in the brain [J]. Int J Mol Sci,
2021, 22(15): 8168.

XIAK K, SHEN J X, HUANG Z B, et al. Heterogeneity of can-
nabinoid ligand-induced modulations in intracellular Ca** signals
of mouse pancreatic acinar cells in vitro [J]. Acta Pharmacol Sin,
2019, 40(3): 410-7.

HUANG Z, WANG H, WANG J, et al. Cannabinoid receptor
subtype 2 (CB2R) agonist, GW405833 reduces agonist-induced
Ca®" oscillations in mouse pancreatic acinar cells [J]. Sci Rep,
2016, 6: 29757.

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

BUSTOS G, AHUMADA-CASTRO U, SILVA-PAVEZ E, et
al. The ER-mitochondria Ca®" signaling in cancer progression:
Fueling the monster [J]. Int Rev Cell Mol Biol, 2021, 363: 49-51.
GERASIMENKO J V, LUR G, FERDEK P, et al. Calmodulin
protects against alcohol-induced pancreatic trypsinogen activa-
tion elicited via Ca® release through IP3 receptors [J]. Proc Natl
Acad Sci USA, 2011, 108(14): 5873-8.

MUKHERIJEE R, MARENINOVA O A, ODINOKOVA 1V,
et al. Mechanism of mitochondrial permeability transition pore
induction and damage in the pancreas: inhibition prevents acute
pancreatitis by protecting production of ATP [J]. Gut, 2016,
65(8): 1333-6.

BICZO G, VEGH E T, SHALBUEVA N, et al. Mitochondrial
dysfunction, through impaired autophagy, leads to endoplasmic
reticulum stress, deregulated lipid metabolism, and pancreatitis
in animal models [J]. Gastroenterology, 2018, 154(3): 689-93.
ARMSTRONG J A, CASH N, SOARES P M, et al. Oxidative
stress in acute pancreatitis: lost in translation [J]? Free Radic Res,
2013, 47(11): 917-23.

MULLER W A. Getting leukocytes to the site of inflammation
[J]. Vet Pathol, 2013, 50(1): 7-12.

BUKOWCZAN J, WARZECHA Z, CERANOWICZ P, et al.
Therapeutic effect of ghrelin in the course of ischemia reper-
fusion-induced acute pancreatitis [J]. Curr Pharm Des, 2015,
21(17): 2284-90.

SUN J, FU J, ZHONG Y, et al. NRF2 mitigates acute alcohol-
induced hepatic and pancreatic injury in mice [J]. Food Chem
Toxicol, 2018, 121: 495-503.

YE W, ZHENG C, YU D, et al. Lipoxin A4 ameliorates acute
pancreatitis-associated acute lung injury through the antioxida-
tive and anti-inflammatory effects of the Nrf2 pathway [J]. Oxid
Med Cell Longev, 2019, 2019: 2197017.

XIONG G F, LI D W, ZHENG M B, et al. The effects of lycium
barbarum polysaccharide (LBP) in a mouse model of cerulein-
induced acute pancreatitis [J]. Med Sci Monit, 2019, 25: 3880-6.
CHEN W, YUAN C, LU Y, et al. Tanshinone IIA protects
against acute pancreatitis in mice by inhibiting oxidative stress
via the Nrf2/ROS pathway [J]. Oxid Med Cell Longev, 2020,
2020: 5390482.

WANG S, SONG R, WANG Z, et al. ST00A8/A9 in inflamma-
tion [J]. Front Immunol, 2018, 9: 1298.

XIANG H, GUO F, TAO X, et al. Pancreatic ductal deletion of
S100A9 alleviates acute pancreatitis by targeting VNN1-medi-
ated ROS release to inhibit NLRP3 activation [J]. Theranostics,
2021, 11(9): 4467-72.

RIUS-PEREZ S, TORRES-CUEVAS I, MILLAN 1, et al.
PGC-1a, inflammation, and oxidative stress: an integrative view
in metabolism [J]. Oxid Med Cell Longev, 2020, 2020: 1452696.
RIUS-PEREZ S, TORRES-CUEVAS I, MONSALVE M, et al.
Impairment of PGC-1 alpha up-regulation enhances nitrosative
stress in the liver during acute pancreatitis in obese mice [J]. An-
tioxidants, 2020, 9(9): 887.

PEREZ S, RIUS-PEREZ S, FINAMOR 1, et al. Obesity causes
PGC-1lo deficiency in the pancreas leading to marked IL-6 up-
regulation via NF-«kB in acute pancreatitis [J]. J Pathol, 2019,
247(1): 48-9.

ESKELINEN E L. Roles of LAMP-1 and LAMP-2 in lysosome



FBREE: I T3 R AR BOR ERIR AP R AR A5 5 B AH 22 20 T H L

83

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

biogenesis and autophagy [J]. Mol Aspects Med, 2006, 27(5/6):
495-502.

GUKOVSKY I, GUKOVSKAYA A S. Impaired autophagy
underlies key pathological responses of acute pancreatitis [J].
Autophagy, 2010, 6(3): 428-39.

MARENINOVA O A, HERMANN K, FRENCH S W, et al.
Impaired autophagic flux mediates acinar cell vacuole formation
and trypsinogen activation in rodent models of acute pancreatitis
[J]. J Clin Invest, 2009, 119(11): 3340-5.

ESKELINEN E L, ILLERT A L, TANAKA'Y, et al. Role of
LAMP-2 in lysosome biogenesis and autophagy [J]. Mol Biol
Cell, 2002, 13(9): 3355-8.

FENG H, WANG N, ZHANG N, et al. Alternative autophagy:
mechanisms and roles in different diseases [J]. Cell Commun
Signal, 2022, 20(1): 43.

ZHOU X, XIE L, XIA L, et al. RIP3 attenuates the pancreatic
damage induced by deletion of ATG7 [J]. Cell Death Dis, 2017,
8(7): €2918.

GUKOVSKY I, GUKOVSKAYA A S. Impaired autophagy
triggers chronic pancreatitis: lessons from pancreas-specific atg5
knockout mice [J]. Gastroenterology, 2015, 148(3): 501-5.
BAKOYIANNIS A, DELIS S, DERVENIS C. Pathophysiol-
ogy of acute and infected pancreatitis [J]. Infect Disord Drug
Targets, 2010, 10(1): 2-4.

DENNEMARKER J, LOHMULLER T, MULLER S, et al. Im-
paired turnover of autophagolysosomes in cathepsin L deficiency
[J]. Biol Chem, 2010, 391(8): 913-22.

HALANGK W, LERCH M M, BRANDT-NEDELEV B, et al.
Role of cathepsin B in intracellular trypsinogen activation and
the onset of acute pancreatitis [J]. J Clin Invest, 2000, 106(6):
773-81.

CENACCHI G, PAPA V, PEGORARO V, et al. Review: danon
disease: review of natural history and recent advances [J]. Neuro-
pathol Appl Neurobiol, 2020, 46(4): 303-12.
GONZALEZ-POLO R A, BOYA P, PAULEAU A L, et al. The
apoptosis autophagy paradox: autophagic vacuolization before
apoptotic death [J]. J Cell Sci, 2005, 118(Pt 14): 3091-2.
MARENINOVA O A, SENDLER M, MALLA S R, et al. Lyso-
some associated membrane proteins maintain pancreatic acinar
cell homeostasis: LAMP-2 deficient mice develop pancreatitis [J].
Cell Mol Gastroenterol Hepatol, 2015, 1(6): 678-84.

JAGER S, BUCCI C, TANIDA I, et al. Role for Rab7 in matu-
ration of late autophagic vacuoles [J]. J Cell Sci, 2004, 117(Pt20):
4837-48.

TAKAHASHI K, MASHIMA H, MIURA K, et al. Disruption
of small GTPase Rab7 exacerbates the severity of acute pancre-
atitis in experimental mouse models [J]. Sci Rep, 2017, 7(1):
2817.

BARRERA K, STANEK A, OKOCHI K, et al. Acinar cell
injury induced by inadequate unfolded protein response in acute
pancreatitis [J]. World J Gastrointest Pathophysiol, 2018, 9(2):
37-46.

[51]

[52]

[53]

[54]

[55]

[56]

[57]

[58]

[59]

[60]

[61]

[62]

[63]

[64]

RON D, WALTER P. Signal integration in the endoplasmic
reticulum unfolded protein response [J]. Nat Rev Mol Cell Biol,
2007, 8(7): 519-29.

AOI K, NISHIO A, OKAZAKI T, et al. Inhibition of the de-
phosphorylation of eukaryotic initiation factor 2o ameliorates
murine experimental pancreatitis [J]. Pancreatology, 2019, 19(4):
548-56.

GHOSH R, WANG L, WANG E S, et al. Allosteric inhibition
of the IREla RNase preserves cell viability and function during
endoplasmic reticulum stress [J]. Cell, 2014, 158(3): 534-8.
KAPUY O, MARTON M, BANHEGYI G, et al. Multiple
system-level feedback loops control life-and-death decisions in
endoplasmic reticulum stress [J]. FEBS Lett, 2020, 594(6): 1112-
23.

WANG M, KAUFMAN R J. Protein misfolding in the endo-
plasmic reticulum as a conduit to human disease [J]. Nature,
2016, 529(7586): 326-35.

TAN J H, CAO R C, ZHOU L, et al. ATF6 aggravates acinar
cell apoptosis and injury by regulating p53/AIFM2 transcription
in severe acute pancreatitis [J]. Theranostics, 2020, 10(18): 8298-
304.

ZHOU L, TAN J H, ZHOU W Y, et al. P53 activated by ER
stress aggravates caerulein-induced acute pancreatitis progression
by inducing acinar cell apoptosis [J]. Dig Dis Sci, 2020, 65(11):
3211-22.

VISAVADIYA N P, KEASEY M P, RAZSKAZOVSKIY V,
et al. Integrin-FAK signaling rapidly and potently promotes mi-
tochondrial function through STAT3 [J]. Cell Commun Signal,
2016, 14(1): 32.

REN Y, LIU W, ZHANG J, et al. MFG-E8 maintains cellular
homeostasis by suppressing endoplasmic reticulum stress in
Pancreatic exocrine acinar cells [J]. Front Cell Dev Biol, 2022, 9:
803876.

REN 'Y, CUI Q, ZHANG J, et al. Milk fat globule-EGF factor
8 alleviates pancreatic fibrosis by inhibiting ER stress-induced
chaperone-mediated autophagy in mice [J]. Front Pharmacol,
2021, 12: 707259.

JONAS M C, PEHAR M, PUGLIELLI L. AT-1 is the ER mem-
brane acetyl-CoA transporter and is essential for cell viability [J].
J Cell Sci, 2010, 123(Pt 19): 3378-88.

COOLEY M M, THOMAS D D H, DEANS K, et al. Deficient
endoplasmic reticulum acetyl-coa import in pancreatic acinar
cells leads to chronic pancreatitis [J]. Cell Mol Gastroenterol
Hepatol, 2021, 11(3): 725-8.

SRIBURI R, JACKOWSKI S, MORI K, et al. XBP1: a link
between the unfolded protein response, lipid biosynthesis, and
biogenesis of the endoplasmic reticulum [J]. J Cell Biol, 2004,
167(1): 35-41.

LUGEA A, TISCHLER D, NGUYEN J, et al. Adaptive un-
folded protein response attenuates alcohol-induced pancreatic
damage [J]. Gastroenterology, 2011, 140(3): 987-97.



